This study reports the distribution of eight heavy metals (Cd, Co, Cr, Cu, Hg, Mn, Ni, and Pb) in the outer and inner tissues of ten different vegetables from the Qassim region of Saudi Arabia. The oven-dried (65 • C, 48 h) vegetable samples were subjected to microwave acid digestion before heavy metals analysis using inductively coupled plasma optical emission spectrometry. The results showed that Co, Cd, and Pb were absent in the outer tissues of all the vegetables, whereas these elements were detected in the inner tissues of some vegetables in the ranges of 0.01-0.23 mg/kg wet weight, 0.03-0.42 mg/kg, and 0.02-3.44 mg/kg,  respectively. The traces of Hg (1.83-3.59 µg/kg) 
INTRODUCTION
Accumulation of heavy metals in the body causes serious health effects, such as carcinogenicity, kidney damage, and developmental toxicity. [1] [2] [3] The carcinogenic effects of several heavy metals, such as Cd, Co, Cr, Ni, and Pb, have been documented. [4] [5] [6] The long-term intake of Cd is associated with the risk of cancer in different organs, such as kidney, lung, prostate, and ovary. [7] [8] [9] Similarly, Cu increases the risk of hepatocellular and renal carcinoma. [1, 10] Mercury is toxic to brain development and is, therefore, a danger to pregnant women and children. In non-pregnant adults, mercury likely contributes to the development of heart disease.
Heavy metals may be present as a deposit on the surface of the vegetable, or may be taken up by the crop roots and incorporated into the plant tissue. Contamination of vegetables with heavy metals may be due to irrigation with contaminated water, metalbased pesticides and fertilizers, industrial emissions, transportation, harvesting process, and storage. [11] Moreover, transportation and marketing systems of vegetables play a significant role in elevating the contaminant levels of heavy metals, which may pose a threat to the quality of the vegetables. [12] Contaminated sediments are one of the several means through which soils are enriched with heavy metals. [13] The vegetables grown at contaminated sites could take up and accumulate metals at concentrations that are toxic. [14] Edible plants may contain both essential and toxic elements, such as heavy metals, at a wide range of concentrations. [15] [16] [17] [18] As plants constitute the foundation of the food chain, some concerns have been raised about the possibility of toxic concentrations of certain elements being transported from plants to higher strata of the food chain. [19] Recently, several studies have reported unsafe and hazardous levels of heavy metals in edible vegetables. [12, [20] [21] [22] Vegetables, either consumed raw or cooked, pose similar hazards because the cooking process is ineffective in reducing metal concentrations. [23] Due to the frequent consumption of vegetables and the potential toxicity and persistence of heavy metals, it is important to analyze these food items to ensure that the levels of contaminants meet agreed international requirements. [24] In this study, the levels of heavy metals were determined in the outer and inner tissues of commonly used vegetables.
MATERIALS AND METHODS
The samples from ten different vegetables (eggplant, cauliflower, carrot, cucumber, peas, tomato, capsicum, beans, green pepper, and cabbage) were collected from the local wholesale market from the Qassim region. All the samples were individually placed in polythene bags and transported to our laboratory for analysis. Approximately 10 g of outer and inner tissues from each vegetable (in triplicate) were washed with distilled water, chopped into pieces, and dried in an oven at 65 • C for 48 h.
The completely dried vegetable samples (0.5 g) were individually placed in precleaned Teflon tubes of the MF-100 rotor (Anton Parr, Graz, Austria) followed by the addition of 6 ml of acid mixture (5 ml HNO 3 and 1 ml HCl). The tubes were securely placed in the jacket, capped, and evenly arranged in the rotor stand, while one tube contained the pressure-temperature sensor. Samples underwent pressurized digestion in an automated microwave digestion system (Anton Parr). The digestion temperature and pressure were set to 160 • C and 20 bar, respectively. The digestion program was conducted using the power of 1400 W, ramp time of 10 min, hold time of 15 min, and cooling time of 15 min. The elemental analysis was performed on ICP Model DV7000 (Perkin Elmer, CT, USA). Prior to analysis, all the samples were diluted 10-fold with ultra pure de-ionized water. For Hg analysis, a FIAS system (Perkin Elmer) was used and the standards and samples were stabilized by adding 1 drop of 5% (w/v) KMnO 4 solution. For FIAS, 0.02% NaBH 4 in 0.05% NaOH was used as reductant and 3% HCl as a carrier.
RESULTS
The concentrations of heavy metals in the outer and inner tissues of vegetables are given in Tables 1 and 2 , respectively. Co, Cd, and Pb were not detected in the outer tissues [32] of any vegetable ( The comparative trend of different heavy metals in various vegetables is shown in Fig. 1 . In eggplant, cauliflower, carrot, and cucumber, the levels of heavy metals were comparatively higher in outer tissues than the inner tissues. In tomato, capsicum, beans, and green chili, the concentration of heavy metals (except Hg) were greater in the inner tissues (Fig. 1) . In peas and cabbage, the levels of Hg and Mn were comparatively more in outer tissues but levels of other heavy metals were higher in the inner tissues ( Fig. 1) . 
DISCUSSION
The results of this study showed differential distribution of heavy metals in the outer and inner tissues of vegetables ( Fig. 1) . Although Cd, Co, and Pb were found to be absent in the outer tissues of all the vegetables, these elements were detected in the inner tissues. On the other hand, Hg showed an opposite trend of its presence in outer tissues and absence in inner tissues of vegetables. Other elements also showed variable patterns in outer and inner tissues of different vegetables (Tables 1 and 2 ). There are huge variations in the ability of crops to take up heavy metals through their roots and transport them to the edible parts of the plants. This variation depended on the physicochemical properties of heavy metals, species of crops, cultivation strategy, soil type, and growing conditions. [25] [26] [27] The solubility of metals is directly proportional to the acidity of soil, thus, the heavy metal uptake in plants is higher in acidic soils than in calcareous soils. [28] A linear relationship has also been reported between metal availability and organic matter content. [29] The soil amendments, such as zeolite, compost, and mesoporous molecular sieves, have been shown to modify the uptake of heavy metals (Cd, Cu, and Pb) by the plant shoots. [30] The accumulation and translocation of heavy metals in plants depends on enrichment and transfer factors that vary according to the species and plant parts. [31] The levels of Cd, Co, Ni, and Pb in both outer and inner tissue of all the vegetables samples were less than the upper recommended limits of these elements. [32] However, both the outer and inner tissues of peas, tomato, capsicum, beans, chili, and cabbage showed higher levels of Cr than its upper safe limit (1.0 mg/kg). The concentrations of Cu were also found to be higher than safe limits (20 mg/kg) in outer and inner tissues of peas as well as inner tissues of beans and cabbage. Excessive use of micronutrient fertilizers and Cu-based fungicides may sometimes increase the Cu levels to alarming levels. [20] The levels of Mn also exceeded the upper recommended limit (20 mg/kg) in the outer and inner tissue of five vegetables. It is important to note that certain vegetables, by virtue, have high concentrations of particular heavy metals and are considered as important sources to replenish the deficiency of metal nutrients. However, the variations observed in the levels of heavy metals in the inner and outer tissues of the vegetables may be associated with the routes of exposure and physicochemical interactions between heavy metals and plant tissues. There are two main routes of heavy metals contamination of plants, including the absorption of heavy metals from the contaminated soil or their direct deposits on parts of the plants exposed to the polluted air. [33, 34] The former paradigm will favor the accumulation of heavy metals in the inner tissues, whereas the later condition will limit their deposition on the outer surface of the plants. However, there are so many factors, from sowing to marketing, that may influence the levels of heavy metals in the inner and outer layers of vegetables and need to be evaluated by controlled studies.
CONCLUSION
The representative samples of vegetables used in this study contained safe levels of Cd, Co, Ni, and Pb, but higher concentrations of Cr, Cu, and Mn were observed in some vegetables. The presence of traces of Hg only in the outer tissues indicates the importance of thorough washing before and after peeling off the outer surface of vegetables before eating or cooking. The findings suggest that regular monitoring of heavy metals in vegetables is necessary to safeguard consumers.
